Abstract. The study assessed the effects of supplementing vitamin A (VitA) and some essential amino acids (EAAs) to poultry feed on growth performance, survivability, carcass characteristics and profitability of a crossbred chicken called Sonali, derived from RIR ♂ × Fayoumi ♀. A total of 192 day-old Sonali chicks were divided into four dietary treatments in a 4×3×16 design as follows: T1 (control), T2 (control + 12500 IU VitA/kg feed), T3 (control + EAAs) and their combinations T4 (control +12500 IU VitA/kg feed + EAAs). The birds were reared in litters for eight weeks. Growth performance parameters such as feed intake (FI), live weight gain (LWG) and feed conversion ratio (FCR), carcass characteristics like live weight (LW), skin weight (SW), abdominal fat (AFW), neck weight (NW), head weight (HW), giblet weight (GW) and dressing yield (DY); survivability (SB) and profitability index (PI) in terms of its six vital components viz., total cost of production (TCP), total revenue (TR), net profit (NP), cost-benefit ratio (CBR), rate of return on investment (RRI) and gross ratio (GR) were estimated. Both LWG and FCR, but not FI, varied significantly between dietary groups during the growth period (P<0.001). Similarly, all the carcass characteristics except DY enhanced significantly due to feeding treatments. Although overall SB of the experimental chickens did not differ between groups, that between T1 (89.53±3.61%) and T4 (100.00±0.00%) varied significantly (P<0.05). The PI along with all its components differed statistically between treatments (P<0.001), where PI of T3 was the highest. The findings therefore suggest that T4 had enhancing effects on growth performance, survivability and carcass characteristics, while T3 was capable of inducing increased PI in the crossbred chickens under study.
INTRODUCTION
Dietary amino acids and their salts are able to inhibit the growth of microorganisms in the feed and consequently preserve the microbial balance in the gastrointestinal tract of the host because by modifying intestinal pH, amino acids improve the solubility of the feed ingredients, digestion and absorption of the nutrients (Skinner et al., 1991) . Poultry birds require the presence of at least 38 nutrients in their diets in appropriate concentrations and balance to convert feed into food products quickly and efficiently (NRC, 1994) . The poultry sector therefore requires new feed additives in order to improve the feed efficiency and chicken health. Vitamin A (VitA) and essential amino acids (EAAs) are promising alternatives to antibiotics, and they play an important role in restoring the function of damaged cells resulted from fat deposition in animals and birds (Hyden, 2000; Bhuiyan et al., 2004) . Reports show that VitA influences some vital growth parameters like feed intake (FI), body weight gain (BWG) and feed conversion ratio (FCR) in chickens (Sahin et al., 2001; Bhuiyan et al., 2004; Safarizedah and Zakeri, 2013) while supplementary EAAs in diets facilitate DNA repair enzymes and stimulate epithelial growth of the intestinal wall (NRC, 1994) , thus improving growth performance, carcass and meat characteristics in commercial birds (Sohail et al., 2003; Ciftci and Ceylan, 2004; Zhan et al., 2006; Lilly et al., 2011; Abudabos and Aljumaah, 2012; Ekmay et al., 2013) .
Supplementary diets other than vitamins and amino acids are also reported to enhance a wide range of poultry performance. For example, inorganic chromium and ascorbic acid (Ahmed et al., 2005) , genotype of the chickens (Rosa et al., 2007) , charcoal from maize cob and seed (Kana et al., 2011) , dietary neem (Landy et al., 2011) , poultry offal meal and crayfish waste meal (Asafa et al., 2012) , lanthanum salts (Igbasan and Adebayo, 2012) and poultry fat and corn oil (Kim et al., 2013) were found to increase desirable traits in commercial chickens.
Economic efficiencies and/or profitability of poultry farming may be increased by the use of a number of extrinsic as well as intrinsic factors. Thus, appropriate feed, medicine/vaccine, capital and adoption of more innovations (Alabi and Aruna, 2005; Aboki et al., 2013) , supplementary diets (Nworgu, 2007) , chicken genotypes Adetola and Simeon, 2013) , rearing conditions of flocks (Mitravić et al., 2010; Bano et al., 2011) , farmers training and expertise (Sultana et al., 2012a) and even factors such feed cost, market price, stock size, number of birds sold and consumed (Siyaya, 2013) .
Crossbred progenies of chickens are often superior to purebred in terms of growth rate, meat quality, body weight and feed conversion (Masic and Khalifah, 1965) . The F 1 crossbred of RIR ♂ × Fayoumi ♀ (known as Sonali, meaning golden in Bangla), for example, became a popular breed due to their adaptability and acceptability in the climatic conditions of Bangladesh (Anisuzzaman, 1988) . It has proved to be a high-yielding and profitable breed in several comparisons under semi-scavenging conditions in the country (Rahman et al., 1997; Amber et al., 1999; Amber, 2000) . Sonali meat are more palatable and has more market demand than broiler and the breed requires less care and attention so that surplus family members like women and children can easily rear it for meat which can generate income (Hossen et al., 2012) . The current study investigated the impacts of VitA and some EAA supplements to normal poultry feed on the growth performance, survivability, carcass features and profitability of a crossbred chicken called Sonali in Rajshahi Metropolis, Bangladesh.
MATERIALS AND METHODS

Poultry husbandry
The study was conducted in a semi-urban area of Rajshahi City Corporation, Bangladesh, in deep litter system during the period from 2 nd September to 27 th October, 2013 when temperature ranged from 20° to 36° C and relative humidity from 68 to 96.8%. The experiment consisted of a total of 192 birds, which were obtained from Regional Poultry Farm, Rajabarihat, Rajshahi, Bangladesh. The birds were reared in 7.0 cm depth litter of rice husk for a period of 56 days (i.e. 8 weeks). The stocking density was 16 birds/m 2 (Thiele, 2007) . All chicks were vaccinated following a programme typical of the region that included Bursine-2 against infectious bursal disease (IBD) on days 4 and 14 and baby chick Ranikhet disease vaccine (BCRDV, produced by DLS, Dhaka, Bangladesh) against Newcastle disease on day 7. Adequate bio-safety measures were ensured throughout the experimental period (Sharma, 2010) .
Dietary treatments
Vitamin A (VitA) as retinol acetate and seven essential amino acids (EAAs) viz., arginine, isoleucine, lysine, methionine, threonine, tryptophan and valine, procured from BDH, UK, were used to supplement the standard chicken feed. Four treatments each with three replications of 16 chickens (4×3×16 =192) included T1 (control diet), T2 (control diet +12500 IU Vit-A/kg diet), T3 (control diet + EAAs) and T4 (control diet +12500 IU Vit-A/kg diet + EAAs). The premix control diet was procured from the local market (Table 1) whereas the treated diets (Table 2) were prepared following recommendations of the National Research Council, USA (NRC, 1994) . Chickens were provided with the starter (0-20 days), grower (21-40 days) and finisher (41-56 days) diets as per the experimental protocol.
Parameters measured
Growth performance and survivability: Initially weights of the day-old chicks (DOC) were recorded using an electronic balance. The growth performance data viz. feed intake (FI), live weight gain (LWG) and feed conversion ratio (FCR) were estimated at 7-day intervals. FCR was calculated as the ratio of feed intake to body weight gain by the bird (i.e. FI ÷ LWG) in gram. Survivability (SB) of the control and treated chickens was also recorded in different regimens over the rearing period.
Carcass characteristics: At the end of rearing period of 56 days, the experimental chickens (n= 3 per treatment) were slaughtered to study the carcass features. Prior to slaughter, the birds were supplied with only water for 12h to facilitate evisceration and to estimate their actual live weights. After complete bleeding, the slaughtered birds were immersed in prewarmed water at 70ºC for 30-60 sec in order to loosen the feathers. The birds were dissected following the procedures of Jones (1984) and carcass characteristics such as final live weight (LW), giblet weight (GW) and dressing yield (DY) were estimated following Sultana et al. (2012b) . Moreover, skin weight (SW), abdominal fat weight (AFW), neck weight (NW) and head weight (HW) were also recorded.
Profitability: Seven profitability components for Sonali production viz., total cost of production (TCP), total revenue (TR), net profit (NP), cost-benefit ratio (CBR), rate of return on investment (RRI%), gross ratio (GR) and profitability index (PI), determined following Nworgu (2007) and Adetola and Simeon (2013) with some modifications, are shown below. All profitability components were calculated in Bangladeshi Taka (BDT). TCR= TFC + TVC, where, TFC= total fixed cost of the used resources whose quantities were fixed during the production period and TVC= total variable cost of the used resources whose quantities varied during the production period; TR= NP-TCP; NP= TR-TCP; CBR= TR ÷ TCP; RRI (%) = NP ÷ TCP × 100; GR= TCP ÷ TR; and PI= NP ÷ TR. 
Statistical analyses
Data were analyzed using SPSS for Windows (version 19.0) and presented in mean, standard deviation and standard error of the mean (SEM) values. One-way analysis of variance (ANOVA) was used, where the levels of significance were set at P<0.05, and the means were separated using Fisher's least significant difference (LSD) tests (Steel and Torrie, 1984) .
RESULTS AND DISCUSSIONS
Growth performance and survivability
Feed intake (FI):
The weekly FI values of the experimental chickens obtained from different dietary treatments are presented in Table 3 . It is apparent from the results that average FI was relatively lower in all treatment groups in comparison with that in the control, suggesting that dietary supplement slightly reduced FI. Although the overall effect of feed supplements on FI was insignificant, both T1 and T2 differed significantly (P<0.05) from T3 and T4 during 0-8 weeks of the rearing period.
Live weight gain (LWG) and survivability (SB): Effects of VitA and EAAs inclusion in Sonali ration on LWG and SB data are shown in Table 4 The commercial source of vitamin A is an ester of retinol which is susceptible to light, oxygen, heat, moisture and pressure during processing, and in tropical climate zones like Bangladesh with high temperature and relative humidity, the storage stability of premix poultry feed containing vitamins may be limited (Roche, 1976; Barua and Olsen, 2000) . The optimum levels of supplementary vitamin A are important for maintaining improved immune response of the poultry and have been shown to increase growth, egg production, feed efficiency and overall health by improving disease resistance (McDowell, 2004) . These facts are reflected in the present study as explained below. Similar to our results, Sahin et al. (2001) demonstrated that supplementation of vitamin A and E increased LWG in broiler chickens. But in contrast to Sahin et al. (2001) , however, the present FI and FCR values gradually decreased in the treated groups. In agreement with the present findings, Bhuiyan et al. (2004) found FI and FCR significantly pooper in the control in comparison with the VitA-treated Sonali chickens. Recently, Safarizedah and Zakeri (2013) reported that VitA, VitE and selenium supplement had no effect on growth factor in Ross 308 broiler chicken, but the supplement improved immune system of the birds by exhibiting significant protection against Newcastle disease.
Previous reports on essential amino acid supplement in poultry diets showed variable results. Ciftci and Ceylan (2004) demonstrated that increasing threonine supplementation improved FI, BWG and FCR while Sarkar et al (2008) reported the best FCR in broilers, followed by cockerels and Sonali chickens. Dietary methionine higher than NRC recommended levels showed significant increase in breast weight but significant decrease in abdominal fat (Ahmed and Abbas, 2011) . Lilly et al. (2011) reported decreased FCR but improved carcass yield of broiler chickens as the density of dietary amino acids increased. Nasr and Kheiri (2011) found that higher amino acid density throughout life optimized live weight and growth, whereas reductions in amino acid density reduced growth and live weight in broilers. By fortifying low levels of crystalline amino acids such as lysine, methionine and threonine to growing phase broilers, growth performance and carcass characteristics of the birds were improved (Abudabos and Aljumaah (2012) while Ekmay et al. (2013) determined the effects of methionine, phenylalanine, arginine, isoleucine and lysine on broiler breeders at peak production, suggesting that adequate dietary amino acids should be provided for maximum hatching egg production but an excess may affect fertility. Recently, the optimal valine to digestible lysine ratio for Cobb 500 broilers was estimated, where the treatments had no significant effect on FI or carcass parameters but had a quadratic effect on LWG and FCR values (Tavernari et al. 2013) . These variations in growth performance of the experimental chickens could be due to genetic or some extrinsic factors. The present SB data, on the other hand, appear to be consistent with the reports that survivability of poultry chicks is influenced by the absence of VitA (Uni et al., 2000) , rearing conditions (Demeke, 2003) or genotype of the flock Uchida et al., 2012) . The present findings on the growth performance and survivability are therefore very convincing in that administration of VitA and EAAs might have resulted in a good management practice to enhance growth parameters but to reduce mortality in Sonali chickens.
Carcass characteristics
Compared to the controls, the final LW of the chickens increased significantly following dietary treatments (Table 6 ). All other carcass features except DY also showed significant variations between treatments where SW, AFW, NW and HW were increased but GW was decreased. Despite slight increase in DY values in T2-T4 chickens, the feed supplementation did not enhance the trait statistically.
In an earlier experiment, Onifade et al. (1997) used high fibre diet (palm kernel meal) supplemented with antibiotics or dried yeast and observed heavier BW, greater FI and better FCR, coupled with greater hepatic, spleenic and gizzard weights. Inorganic chromium enhanced the growth performance (LWG and FI) and ascorbic acid was found beneficial for the carcass characteristics in broiler chickens (Ahmed et al. 2005) . Rosa et al. (2007) demonstrated that genotype of the broiler chickens, environmental temperature and FI restrictions influenced carcass characteristics and abdominal fat deposition where selected broilers showed better FCR, higher carcass characteristics and lower abdominal fat deposition, but heat exposed birds showed reduced FI and breast yield. Feed supplement of charcoal from maize cob or seed improved growth performance and some carcass characteristics in broiler chickens (Kana et al. 2011) , in which FCR and final body weight increased but FI, DY, liver weight and abdominal fat were not affected whereas gizzard weight was reduced significantly. Landy et al. (2011) used dietary neem (Azadirachta indica) as an antibiotic growth promoter, which increased final body weight, enhanced FCR but FI, internal organ weight and carcass features were not influenced. The cost of dietary proteins was reduced, FCR was enhanced and the eviscerated weight was increased by both poultry offal meal and crayfish waste meal as feed supplement in Marshall broiler chickens (Asafa et al., 2012) . Kayode et al. (2012) noted that fermented mango kernel cake enhanced FI, LWG and FCR at the end of the starter phase, but no significant difference was observed in carcass characteristics where most of the parameters decreased progressively with increasing dietary supplement. Recently, Igbasan and Adebayo (2012) used feed supplement with lanthanum salts (LaCl 3 , La 2 O 3 ) in broiler chickens that significantly increased daily FI, although they did not have effects on final live weight, daily weight gain and FCR. In another experiment, poultry fat and corn oil lowered carcass and breast weight but increased abdominal fat; no significant difference was noticed in live performance during the starter phase (0-18 d), LW and BWG increased but FCR decreased during the grower phase (19-36 d), whereas no significant difference was (Kim et al., 2013) . Quite consistent with the above findings, the present results thus clearly indicate that administration of VitA and EAAs in poultry diet was positively correlated with various carcass characteristics in the experimental chickens. 
Profitability
Profitability and its various components of the production of Sonali chickens are shown in Table 7 . All values except GR were significantly less in the control than those of the treatment groups (P<0.001), suggesting that the administration of VitA and EAAs resulted in enhanced rate of return on investment for
Sonali chickens. As a consequence, the GR and PI values also differed statistically between treatments (P<0.001), where PI of T3 was the highest (0.23±0.02) and that of T1 the lowest (0.13±0.01). PI value of 0.23 indicates that for every BDT earned as revenue on the birds served control diet + EAAs, about BDT 23 is returned to the farmer as income compared to BDT 13 in control. It has previously been shown that the profitability of family poultry production can be increased by the use of appropriate feed, medicine/vaccine, capital and adoption of more innovations (Alabi and Aruna, 2005) . Nworgu (2007) studied the growth performance and economic efficiency of broiler chickens, where supplementary pumpkin leaf extracts increased growth performance and economic efficiency in terms of CBR (1.76 to 2.06), RRI (76.20 to 106.04) and PI (0.43 to 0.52), leading to higher profit margin. Sarkar et al. (2008) concluded that the commercial broiler, cockerel and Sonali chicks could be reared up to 28, 56 and 63 days, respectively to reach target weights close to 1250, 850 and 850g, respectively to obtain maximum profit. Whereas Zaman et al. (2008) studied profitability components of four genotypes including Sonali, in which the CBR was highest (5.92) at 15g feed/hen/day. Profitability of Cobb 500 broiler chickens was related to increase the population density per unit of surface (m 2 ) and to reduce the duration of production (Mitrović et al., 2010) . Sumy et al. (2010) demonstrated that backyard chicken rearing was profitable for the farmers in the study areas, while Bano et al. (2011) investigated that broiler production was profitable with a profitability index of 0.24. In contrast, high content of fibre but low content of protein in cassava tuber meal supplement inhibited the growth performance, thereby decreasing the profitability of broiler rearing (Sultana et al., 2012b) .
Recent reports on family poultry profitability index (PI) in Nigeria ranged between 0.29 and 0.84 (mean 0.63) and return on investment 0.76, meaning that family poultry is highly profitable (Aboki et al., 2013) . Adetola and Simeon (2013) estimated profitability ratios of three broiler strains viz., Arbor Acre, Hubbard and Marshall in which the values of CBR were 1.08, 1.10 and 1.17, respectively, that of RRI were 9.0%, 10.4% and 17.5%, respectively and that of PI were 0.08, 0.09 and 0.15, respectively. Moreover, Siyaya (2013) assessed the determinants of profitability in which profitability value was E0.40 per E1.00 of feed cost, where feed cost, market price, stock size, number of birds sold and number of birds consumed significantly affected profitability of indigenous Cobb Douglas chickens. However, owing to differences in host gene and nature of the feeding supplement, the present results on the profitability components of Sonali chicken rearing are much different from those of Nworgu (2007), Aboki et al. (2013) and Adetola and Simeon (2013) , but similar to Sarkar et al. (2008) and Bano et al. (2011) .
CONCLUSION
Owing to their smaller size, popular meat characteristics, low cost and suitability for rearing under prevailing environment in the semi-urban and rural areas, the crossbred Sonali chickens appear to be commercially viable poultry birds in the study area. The smallholder poultry farmers in the region might ensure sustainable production of their chickens, which in turn might improve the economic conditions of the growers and nutritional status of the consumers. Since there is no detrimental effects of the feed supplement on the experimental birds, it is therefore recommended that administration of the used doses of VitA and EAAs to available poultry feed would result in enhanced growth, survivability and carcass characteristics, while supplement of EAAs to the feed would contribute to the increase in profitability parameters of the chickens.
